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THE NARCOTIC ACTION OF XENON
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e | Data on the narootic actlon of the so-called "physiologiocally inactive™ gases,
T nitrogen, methane &nd the hesavier rare gases, was published by N. V. lararev as
far back as 194l. It was proven that these gmesa were orly slightly soluble in
wator and, obriously, the amcunt of these gases i orgunls Uissnes 1s sv snrll
that tley osn produse narcosic only iz a compreseion chamber a% praessurvr of
ehout ten atmosphores. In the case of rslium and aleo, evidently, hydrogen (sve
lazarev, 1943), a pressure of over e hundrod atmospheres is required to produde
narcosis.

o
T

The discovery of the narcotic properties of inevt gases belonglng to the
zero group of the periodic table is of particular interest from the theoretical
aspoct. In view of troe cumpleta chemical inertuese of these gmses, their nareoiic
groperty is a conviancing argument in favor of the idea, still held ip doubt by
sohe (Oswald 192h; Koonmann, 1936), that the mechanism of the narcotic effect le
unrelated to aay pnrely chemical reaction between the narcotic and the living
subgtrata.

The strength of the narcotic action of the rare gases increases with their
atomic (molecular) weight. Although ocmplete parcosis of an adult vhite mouae
- vas not observsd with & helium pressure of alaost 100 atmospheres, still under o
-8 these conditlons a slight narcotlc action was clearly fadicated by various R
symptoms. Argon hovever, caused narcosis 1n an adult mcuse at a partial pressure -
of about 16 - 19 atmospheres; and in & young mouse veighing about 5 gm, at 11
atmospheres. With ¥k~ypton, narcoels wao obderved In tbe same mousd at a partial
pregsvre of 3% atwo.. 1ersa.
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. This date led Lazarev id-a glaring pamdox 1154 1: "Judging ‘frow:the -Ln-

) . crease in eolubility, the effect of xenon should bs almost twice that of Krypton.
‘And 1f the true strength of the narcotic action, determined by the nareoctis con-

>‘ : ) centration in water, increases in the same msnner as from helium to krypton, then
xenon ghould induce narcoais at a nartial pressure less than one atwosphere. In.
other words, it can be apsumed that the ordirvary air ot the atmosphere countains
a high narcotic dilntion strong enough for uss in inducing narcosis even at
normal acmspberic' praesure.'.'

R s : B We succoedad in obtaining a emall smount of x3uon to determine the aoou: 10y
e of. this hypothesis or, to be precise, a .xenon-krypton mixture, contalning 68

: S percent xenon and 12 percent krypton. However, the last war denled us the |
privilege of cerrying out thie work for a long time and these acheduled teate were
performed after a Lapse of several years.

o . Three tests were carried out tu small mice weighing about 5 gm in the small
2t S " . compression cnamber previously described (lazarev, 1941). The pressure was LT 4

1 : created by the movement of a piston. As in the other experimsrts with inext ) ' R .
v -~ gases previously desoribed, the pressure chamber vas "washed throngh® with RN

4, - oxygen before ths shart of the actual test.- This operation géxved two purposes:
g (1\ the creation of a certain “reserve" of oxygen recsssary for respiration of
the animal during the test; and (2) 1t enabled one to Gonsider, when analyzing
s samples from the chamber, that the untire volums remaining in the gaz burette
aftor absurption of the oxygen and carbon dioxide wag composed of the lnert aas .
used in the test {since nitrogen was almost completély remuved from the chamber . C v
and even oliminated from the body of the animal when the chamber wss "washed - ’ ' i
- throngh" with oxygen).

We shall take the data of one such test as an example. (In general, all »
the tests gave simllar results.) When “washing through® witk oxygen hal been k
completed, the (yourng) mouse quickly and energetically resumed its normal -
posture when the chamber was inverted. The tims taken to add the xenon wag 2
minutes. One minute later, the mouse did no, react at all to the laversion of
the ochamber, belng evidently in a state of complete narcoais. Tvelve minutes
after the introduction of xenon a sample was taken from the chamber. Analysis
_— showed that the gameous mixture contained 48.5 percent of xenon at a general
absolute preassure of nne atmosphere. (More acourately, a xenon-krypton mixture
of tke above compusition. This reservation siaould be borne in mind in all cases
where xenon content 1a given.) After another 2 minutes the animal was removed .
from the chamber. It was found (as was to be expected, considering the swall -
cpefficient of sclubility of Xenon in water and, consequently, the grealer speesd N
of saturaiion and Jdesaturation of organs with a good blood supply. inoluding the
centrsl nervous system) that xenon narcosis not only comes on rapidly but also
pavses off rapidly. One mirute after the mouse had been removed from thes
ataocphere containing the narcotic it turned over on his stomach and after 3
’. minutez it way orawling, although unstzadily.

. It is oi _nterest tc see how xenon affects an a&dult white moussa. The
T emall amount of gas at our disposal made such tesls very diffioult. Tue pressure
3F chamber which we'we. e using for the experiments with youag mice was coo small for
adult mice. After cumercus attempts we adopted the follnwing procelure.

The chamber used was a small glass with four branches, ordinarily employed
in experiments with isolated sectlons of smooth-muscled organe (ueing N. P.
Kravkov'a msthodj. The bottom of the glass and oae Lraunch pipe were flooded
vith paraffin eo as to decrease its volume. On top, the glass was hermstloally
gealed by means of a rubber stoppsr which filled well below the rim. A thres-
way cook was counected S0 one of the branches and a discrshaped rubber ballon to
the second. This ballun collapsed readily at the lemst nopative pressurs. Ite L,
volume was 70 oc and it served as & compensator, maintaining aimospheric pressure :
in the chamber. Thie remaining branch was c~-nocted to a erall 20-cc rubdbber
balloon (pyritorm) via a glass tube filled vith pleces of saustic eoda. The branch
to which the compensator was connected was also filled with solid potassium alkali.
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. After the mouse: had Leen- placed . ln the chambsi, tho’ gascous wmixture way
get  1n motion and freed of carbon dloxide by alternate compression -and deflation
‘of tae ba}.‘aon

The whole system was "washed through" with oxygen by aqueezing the oome
ponsator and small balloon {with the three-way cock "to alr"} and subsequent
suction of the oxygen (with the cock turned "to oxygen™). This process wag
ropeated at least ten times. After washing through, all the xenon at our diu-
posal at that time {49 cc) was Euckad in.

. Thig test was carried out on & mouse waighing 15 gn under the folloving
conditions. One minute after the xenon had been introduced, a sample taken
from the chamber containsd 67.4 percent of this gas (carbon dioxide O percent).
After D minutes when the chamber was inverted, we clearly observed that the
mouss was veaumlng 1¥8 norzal posturs mors m.d mors slowly, using bz Perslegs
only for this purpose. By this tims the hindlegs wore guite paralyzod. The
animal waa shuddering &all over, and thle became more snd more violent. Kine
ainutes after the introducuton of the xensca, ancther sample of the gas mixtnirs
vags taken: 1t was found to coatain 75 percent xenon and absolniely no carbon
¢ioxide. One minute later, when the chamber wes irverted, the animl fallod
to resume ite normal position completely. - . )

It can bo seen from thie data that xsnon also exercises & disunct nay-.
cotlo actlion on an adult mouwe slthough there was no aompleto narcoals, even
at a partial preesure of thia gss of 3/% atmosphers. Pentatively, it may be
consideéred 1n this experiment that xenon must have had a partial preasare not.
greater than one atmosphere.

We d1d not observe the vwrocess of restoration of functions ir the adult
mouge after it was remcved from the narootic atmosphere. The xencn wvas dig-
Placed from the chamber by water, therepy drowning the mouss, in order to ocol-
lect the ges 1n other eiyeriments after removal of oxygen and ‘302.

It may also be mentioned briefly that we alsu tested the astion of xenon
on insectas (oockroaches). Due to the fact that only a small amovnt of xenon
wap at our disposal, we were able t. produoe only a partial preassurs of 3.1

_atmospheres (with a total pressure of 4.4 atmospheres). Under these con-
"ditions the cookroashes continudd to move but lost “heir balance easily and
rclled vo the botiom of the chamber, where they lay for mosi of vhe time. At
lovsr partial pressures of xeuocn (abont 2 - 2.5 atmosephe’.os) it was observed
that the insects vere stimnlsated znd moved about the chamber muoch more sasr-
getically than before the sxperiment. On tke other hand, at a still lower
partial pressure of the gas (about C.7 ~ 1 - 1.5 atmcspheres) She cockroaches

- indicated & unigue torpor. ey strod corplecely moticilesa in the pose they
had ascumed. "Like a statue™ is the phrass used in our reconis.

Thus, the prediction we made some years ago, that xenon as noxmilly found
in air is a strorg narcetioc and can exercise its narcotic asction nven at normal
barometrio presauzre, 1s fully Justiffed. The narcotic aotion of xenon !e several
timse stronger than that of kryptoa.

Ths experiments published previously (lazarev, 1941) somstimes evoked a
certain akepticiem. It was suggestsd that the parslysis of animals obaserved,
although outwardly similar to narcosis, was in reality due to the purely mecharisal
effect of high pressure. It is tywe that even then it was possible to develop &
fairly strong case against an objection of this kind:

1. Paralysls of the animale is observed at complet«ly different total
pressures vhen the barvcamera is :illed with various gaseous mixtures.

2. It is possible, ¥mowing the solubllity coefficlents of various "phrsio-
logloally ineri™ gases n water and therefors, approximatsly, in blood and tissue
fluld, to calculrte what should be the content of this or that inert sae in an
animal organism wiile in the chamber at the prassure at which paralysis of tne
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o e * animal fe ovbsexved. The resuit of caloulation 1a that thin content is exeotly . ... e .
the sasie as that a% whioh one wonld expeci the particuler snbstance to. produce
narcosis, working from the existing data on 1%s physicocheniorl propertiss, in
partiouls¥, the Overton-Meyer cpeffiolent of dlatribation between olive »il and
weter. A coincidence of this type, repeated several times, omnnot be accidental.

Gur’ experiments with Xenon, which havé shown that an inert. gas csa display
d1stinot narcotic properiies even at normal “arometric pressures, ire anthenio
and conclusive proof that the inert gases act as narootlics indspendently of
chunges 1n atmospheric pressure and that- this narcotio action im poasidle even
17 the substancs is knowa to' e incapable of entering into any chemioml re-
actions whatsosver within the crganisa.

“NOTE: After we hisd Yead the paper on the abore teats, & report by & group
of Amsricen researchers (lawrence and co-anthors) un the narootio
action of Xeron 6n white mice mate its appearsnce. on 6 Daceaber 1946.

Their report is in full agresment with our remults.

Sl L lazaver, M. V., "Biologlohestoye deystviye: guzov pod ddvlentyeu® ("The
Biologioal Astion of (ases Under Prosenre™), pudlidhed by Naval Medical Acadumy,
I;;Ainmd, 10k1; Faraakolog. i Toksikolog. (Phurmmcology snd Tuxicolegy) 6, 29,
1943. ) ) o .

W ’ " 2. Koohmaan, M., Heffters Eib. d. exper. Pharmakol., 2, Berlin, 1936.

3. lawrence, J. H., loomis, W. F., Tobies, C. A., Talpin, ¥. K., J. Phystol,
105, 197, 19%6.

\ k. Osvald A., Chemische Konstitution und pharmakologis::e Wirkung, Berltn,
1524 ,
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